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We, Thb National Cash Register Com- 
pany of Dayton in the State of Ohio, and 
Baltimore in the State of Maryland, United 
States of America, a corporation organized 
under the laws of the State of Maryland, 
United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 
ment: — 

This invention relates to temperature-sen- 
skive visual display devices and, xnorp speci- 
fically, relates to such devices in the form of 
a dried emulsion coating having incorpor- 
ated droplets of cholesteric mesomorphic 
("liquid crystal") material, which material 
changes in iridescent characteristics where and 
when temperature changes occur on the coat- 
ing. 

The reflectance colour change phenomenon 
associated with certain types of so-called 
"liquid" crystals" is well known. Most import- 
ant in the class of "liquid crystals" which 
undergo spectral colour changes, iridescent in 
appearance, in conjunction with changes in 
temperature are certain cholesterol derivatives 
having the general structure : 




where X represents a chemical linkage selec- 
ted from oxy-, carbonyloxy-, and caroonyldi- 
oxy-Iinkagcst and R represents a hydrocar- 



bon "residue" selected from the group com* 
prising saturated or unuturatM aftyls, aryls, 
aryl-substituted alkyV tlkyl-subttituted aryls, 
and halo- and nitro-tubstituted compounds 
derived from the above-named M R" materials. 
Other cholesterol derivatives which may be 
used include those wherein X, above, repre- 
sents a halogen and R is excluded from the 
molecular structure. Each of these compounds 
can exist as a molecular mass in at least 
three physical phase configurations dependent 
upon the temperature of the material Below 
a certain transitional I temperature associated 
with a particular compound in a given en- 
vironment circumstance, the cholesterol deri- 
vatives mass as a solid crystalline phase. 
Above another certain transitional tempera- 
ture, the compounds exist in a liquid iso- 
tropic state with no regularity in molecular 
arrangement. In the change from the solid 
crystalline phase, having highly ordered mole- 
cular arrangement, to the liquid, isotropic, 
phase, having irregular, unordered molecular 
arrangement, as a function of temperature, 
there exists at least one mesophase; that is to 
say, a phase which is intermediate between 
the' solid state and the liquid state. While a 
compound which exists in the abovc-referred- 
to mesomorphic state i$ commonly named a 
"liquid crystal", the term "mesomorph" is 
a more correct and descriptive title and will 
be used hereafter. There are three meao- 
phases, the amectic, rematic and cholesteric 
mesophase, all of which may not exist for a 
given compound. The cholesteric material in a 
mesophase is a liquid, molecjlarly isotropic, 
continuous structure in which are randomly 
distributed domains of aligned molecules in 
spaced layers adapted to reflect a probing 
incident light. A general discussion of meso- 
phases and mesomorphic compounds is found 
in the publication "Molecular Structure and 
the Properties of Liquid Crystals", by G. W. 
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Gray, published In 1962 by Academic Press, I 
New York and London, Under proper condl- < 
tions within a certain temperature ~nge; the 
domains of aligned jpoleculcs in the cholestcric 

5 mesophase mass are capable of affecting a 
probing incident light in such a manner that 
the probing light is reflected in a distinc- 
tive spectral hue, usually in bands, depen- 
dent on temperature, giving, in most instances, 

'0 an iridescent effect, depending on the quality 
of th; incident light. 

A particularly efficient method for pro- 
viding a system having this spectral^ or iri- 
descent effect is the provision of thin films 

15 of mesomorphic materials which can exist 
as a cholestcric mesophase on a substrate 
which is cither opaque or transparent, coloured 
or not. For an effective visual display of the 
iridescence of these materials, a film of a 

20 thickness of a few thousandths of an inch 
can be employed, and this affords suitable 
contrast when supported on a black, opaque 
substrate. Such a substrate allows no dilu- 
tion of the emanating iridescent light by re- 

25 flcaancc from the substrate or backlighting 
by transmitted light, and has the added advan- 
tage of appearing black in incident light at 
temperatures above and below those required 
to yield the cholestcric mesomorphic state. 

30 The usual colour effect obtained from a film 
of choksteric-mcsomorphic material is a 
brilliant colour pattern composed of bands 
cr areas of spectral colour ranging from red 
to blue. The colours arc a function of tern- 

35 peraturc change in the film, the system gener- 
ally yielding relatively shorter wavelengths as 
the temperature rises, although^ exceptions 
have been noted in the literature in which the 
wavelengths of emanating light lengthens as 

40 temperature is raised. Of course, above and 
below the temperatures necessary for visual 
colour display there is reflection of ultra- 
violet and infrared wavelengths of greater or 
lesser extent, depending upon the system be- 

45 ing studied and the quality of incident light. 
With few exceptions, the systems chosen for 
temperature detection and display in a par- 
ticular use are compounds of two or more 
mesomorphic compounds selected and com- 

50 bincd for the purpose of causing colour change 
within a specified temperature range. 

While mixtures of these cholesterol deri- 
vatives yield workable film systems, it is a 
general rule that the temperature at which 

55 colour is produced in the use of-" such struc- 
tures is not the colour producing tempera- 
ture noted for each material used alone, but 
will generally be lower than the •cmpcraturc 
at which the material having thc*highcst tcm- 

60 peraturc paran tjrs first yields colour, and 
sometimes may be lower than the colour pro- 
ducing temperature of the material having 
the lowest temperature parameters. 

Until recently, the utility of cholestcric 

65 mcsoir.rX/hs in temperature-sensitive systems 



j been severe! y limited due to a number 
reasons, the following points being some 
the assigned faults: ^ 

(1) such systems contain!** • m ^ m ° km 

one or more intct*diagHA iMMMfii: 79" 
compounds as * fio flfe frftybtf 
crystallization of lfltgb fcWir dh Jb- 
sired working ttn^etawa**. ffck «- 
desirable cryitaltukiBP Mttlr. %0 oera* 
ccntratc one of the «Jm amrhft ft • 75 
each oystallizatior* rft* w tfieidby 
separate it from tb* other tttflfonents 
of such a mesomorphic mixture. This 
component separation results in (a) 
loss of precision and efficiency in colour 80 
change at the desired temperature, and 
(b) anomalous colour change activity at 
other temperatures; 

(2) mesomorphic cholesterol derivatives are 
oily liquids at and above their melting 85 
temperatures. When they exist as a film 

on any surface, the film, being wet, is 
subject to injury of many types from 
ageing and contact with the environ- 
ment. Dust particles are easily entrap* 90 
ped by the liquid surface and can serve 
as undesirable nuclcation sites for cry- 
stabilization. Such films are exposed *o 
the danger of contact with any material 
in the vicinity, with resultant dis- 95 
organization of the mesomorph and 
possible change in thickness in localized 
areas, which would alter the response 
of the system; and 

(3) the subject wet-film mesomorphic sys- 100 
terns arc prone to anomalous colour 
change behaviour upon the event of 
only slight contamination of the sys- 
tem by various solutes. This contamina- 
tion caa cause iridescence by itself at a 105 
given temperature not otherwise associ- 
ated with the yield of colour in the film 
generally, or it can produce large 
shifts in the colour producing tempera- 
ture, cither higher or lower. 110 

In the specification of United Kingdom co- 
pending Patent Application No. 23569/67 
(Serial No. 1138590) a display device is dis- 
closed and claimed which includes an array 
of minute polymeric capsules containing 115 
cholestcric mesomorphic material and adhered 
to a substrate whose temperature patter is to 
be displayed. 

While somewhat related to the use of the 
above-mentioned capsule urays, an emulsion 120 
of uncncapsulatcd cholestcric mesomorphic 
mate. >.l, which is a part of the subject mat- 
ter of this invention, is vastly different from 
then* other disclosures in several important 
respects. The droplets of the material of thi* 125 
invention arc not encapsulated but arc in- 
clusions in the continuous phase of the emul- 
sion. The emulsion, of coating liquid, of this 
inventioh can be prepared by a simple and 
inexpensive, one-step, process, thereby ob- 130 
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viatixs thr necessity for complex capsule- 
manufacturing equipment and techniques wkh 
attendant Mgh manufacturing com. The 
emulsion of thit invent ion, when dried at a 

3 coating on • body whose temperature pattern 
tt to be- displayed, provides that incident light 
be transmitted through only a single kind of 
material in order to be reflected iridescently 
from the (fiiencajmilated droplets of choles- 

10 terc mesomorphic material. Due to the cx- 
trtn^efy small dropler size which can be main- 
tained in an emuhioa of uncncapsulated drop- 
lets of the cbolesteric mesomorphic materials, 
coafings prepared from an emulsion permit of 

15 «• high dfegree of optical resolution and also 
have a very smooth surface. 

Thus, according* to the invention, there is 
provided a visual display device comprising 
% continuous fita* *J polymeric material hav- 

20 ing dispersed* therein minute droplets of a 
Kqtrid material capable of assuming a cboles- 
teric meaopbaae iff a predetermined tempera- 
ture range, said polymeric material transmit- 
ting light incident thereon and reflected from 

25 the droplets of said liquid material. 

Materials which can be used as a film- 
forming polymeric material in the emulsion 
of this invention indude any polymeric 
material which is soluble in a liquid which 

30 does not dissolve or substantially chemically 
affect the liquid crystal material to be emul- 
sified therein. Another, obvious, requirement 
of the film- forming material is trwt the poly- 
meric material, hr its dried state, transmit 

35 enough light to make use of the colour re- 
flectance characteristics of the liquid crystal 
material inclusion*. Representative examples 
of a few such film-forming polymeric 
materials include gelatin, gum arabic, poly- 

40 (vinyl alcohol), polyvinylpyrrolidone), poly- 
(ethyfcne oxide), poly(ethylene - co - malek 
anhydride), polyvinyl methyl ether - co - 
maleic anhydride) and poly(acrylate). 

Films prepared by drying the emulsion of 

45 this invention, which contain the Kquid drop- 
lets, can be strained or tinted, if desired, to 
serve as a colour filter for light travelling to 
and from the cholesteric mesomorphic 
material. Such a film system would find use 

50 where a narrowing of the broad iridescent 
effect is desired. Jf they fit an intended pur- 
pose, films prepared by the teaching of this 
invention can also be slightly pigmenrcd. 
However, care must be exercised in the 

55 amounr of pigment or non-ligh; reflecting 
material used in the emulsion, because an ex- 
cessive amount will work to the detriment of 
brilliance in the colour response due to ab- 
sorption of and interference with the incident 

60 and reflected light. 

Dried emulsion filrna can be cither self- 
supporting or not, as desired or as most fit- 
ting to the purpose at hand. In the use of a 
self -supporting or free-standing film of the 

65 driod enuJsion r that is, film not having a sub- 



strate, wherein the film is not opaque or noo- 
light-reficaing, there should be direct coo- 
tact of the film with the body whose tempera- 
ture pattern is to be exhibited to obtain the 
most dramatic results. Lack of such direct 70 
contact between the film and the test body 
results *<ot only in an incorrect display of 
;emperature-pattcm discontinuities, tat also 
in greatly reduced brilliance of the colour 
reflectance due to "rcturn-dcflcaance" of in- 75 
cident light from the back-side of the film 
material. Non-opaque temperature parern dis- 
play films or similar translucent films for 
which more brilliant colour response is de- 
sired can be coated on one fiat surface with 80 
appropriate non-light*refiecting materials 
either black or of any selected colour. Sup- 
ported films of the dined emulsion can have 
as a substrate any suitable material, thick 
or thin, coloured or not, transparent or *5 
opaque. A film formed by coating the emul- 
sion onto a test body having an irregular sur- 
face and dried thereon is considered to be a 
supported film with a substrate, as the term 
"film" relates to thickness and not to smooth- #• 
ness or regularity. 

In the accompanying drawings the same 
reference numerals relate to the same pans. 

Figure la is a diagrammatic edge view of a 
substrate sheet 10 having, on one surface, a 95 
coating of minute droplets 11 of liquid cry- 
stal material dispersed in a matrix-like polv- 
meric binder material 12, the liquid crystal 
material being shown in either the isotropic 
liquid state or the crystalline solid state; that 100 
is, not in the mesomorphic state; 

Figure lb shows the coated substrate sheet 
10 of Figure la with the liquid crystal 
material 11 in the mesomorphic state. Figure 
la is intended to represent the film coating 105 
at a temperature above or below that which 
is required for colouration of the mcso- 
morph-containing film material, while Figure 
lb is to represent the same film coating 
within the temperature range of colouration. 110 
The hatching of the droplets in Figure lb is 
used to depict a colour change from that 
of Figure la and not to suggest particular 
colours, because iridescence cannot well be 
suggested by hatching. The coated film can be H5 
of a thickness to include only a single layer 
or a few layers of liquid crystal droplets, or 
the film can include several layers of drop- 
lets within its thickness. Droplets of liquid 
crystal material can rargc in size from about 120 
five microns to about twenty-five microns and 
are preferably ten to twenty microns in dia- 
meter. Depending upon conditions and re- 
quirements for use of the intended coating, 
several layers which include liquid crystal 125 
material of different temperature response 
ranges can be superimposed in direct or over- 
lapping relation on a surface; or discrete areas 
of a surface can be coated with layers which 
include different types of liquid crystal 130 
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material to obuln temperature response cor- 
responding to the coated pattern and the 
material coated; 

Figure 2 la a diagrammatic edge view of 

? i self-supporting film containing minute 

H nx? ic op i 1 V * * I n (L > < < > T< -y' i • * id cr irv* i 

binder material 12. Although the filxn k ^° 
pitted at having a thicknesa of only a few 

10 droplets diameters, in practice the film may 
be of any thickness extending from slightly 
rook than one droplet diameter at its thinnest 
extreme up to gross dimensions of several 
millimeter*. The optional coloured layer 13 

15 shown in this figure as well as in Figures la 
and lb and in Figure 3, to follow, may be 
provided or not, as desired, its purpose being 
to colour and /or opacify one surface of the 
film and thereby act as a background for ob- 

20 serving the hue or to enhance the colour 
brilliance of the display; and 

Figure 3 is a diagrammatic edge view of 
a self-supporting film containing minute drop- 
leu 11 of more than one type of liquid cry- 

25 stal material dispersed in a matrix of poly- 
meric binder material 12. The figure depicts 
two different types of liquid crystal material 
contained within the film coating, a first type, 
for which the ambient film temperature is 

SO either above or below the temperature of its 
mesomorphic state, and a second type, which 
exists in the mesomorphic state at the film 
temperature of this figure. It is understood 
that more than just two different types of 

35 liquid crystal material may be included in a 
film. 

Following are examples of specific embodi- 
ments of the invention which are presented 
to demonstrate techniques used in practice 
40 of the invention. It is understood that these 
examples are not intended to limit, in any 
way, the scope of this invention. 

Example I 
In this example, a mixture of the specified 

45 liquid crystal materials was used which con- 
sisted of 55%, by weight, oleyl cholesteryl 
carbonate and 45 %, by weight, cholesteryl non- 
anoate and had a colour producing tempera- 
ture, in the upward excursion, of about 33 

50 degrees centigrade. The temperature range of 
colour response for this mixture wa- from 
about 33 degrees centigrade to about 35.5 
degrees centigrade. Three pans, by weight, of 
the above mixture of liquid crynal material 

55 were emulsified in a Waring Blendor with five 
parts, by weight, of a 10% by weight, aqueous 
solution of poly(vinyl alcohol) described be* 
low, until a liquid crystal droplet size-range 
of from about five microns to about twenty 

60 microns was obc \k\J. The poly( vinyl alcohol) 
used in this example had an average molecular 
weight of 88,000 and was characterized by 
the facts that (a) a 4%, by weight, aqueous 
solution of the material exhibited a viscosity 



of 23 to 28 centipoitca at 25 degrees cend- 44 
grade, and (b) the material was 97.7% to 
98.4% hydrolyzcd; that is, that specified 
percentage of acetate chemical groups origin* 
ally prcicm in molecules of the subject 
cfi*:< na! h*d been converted to hydr.vvM *;o 

"i he c-niuKk»ri, cmce prepared, ^t». co*ccd t*y 
means of a draw-down applicator, to a wet- 
film thickness of about ten mils onto a 
blackened substrate sheet of polyethylene 73 
tcrcphthalatc. The film was allowed to dry 
in air at about 25 degrees centigrade. If the 
temperature of the coating was raised at a 
point, concentric rings representing a tem- 
perature gradient pattern in the range of 80 
from 33 degrees centigrade to 35.5 degrees 
centigrade appeared outwardly from a central 
ring of blue, thence spectrally in order 
through red, as the temperature gradient de- 
creased. As the temperature of the point 85 
was increased or decreased, the effect was 
evidenced by expansion or contraction of the 
rings. Systems of adjacent expanding and con- 
tracting rings from two or more points inter- 
sected, and the resultant colour of an area was 90 
a function of the temperature of that area. 

The dried emulsion film of this example 
can be stripped from its polyethylene tereph- 
thalate substrate and utilized as an unbacked 
film for displaying temperature gradient pat- 95 
terns. The stripped film can be blackened or 
opacified on one surface, or it can be used 
without such blackcner or opaciucr, as desired. 

Example II 

In this example, a mixture of liquid crystal \oo 
material was used which consisted of 50%, 
by weight, oleyl cholesteryl carbonate and 
50%, by weight, cholesteryl nonanoate. Three 
parts of the liquid 'Crystal mixture were emul- 
sified with five parts of a 1%, by weight, 105 
aqueous solution of gelatin having suitable 
film strength. Emulsified droplets of liquid 
crystal material ranged in size from about 
ten microns to about twenty microns. 

The emulsion, once prepared, was coated, HO 
with the use of a draw-down applicator, onto 
a substrate sheet of polyethylene tcrcphthalatc 
to a wet-film thickness of about ten mils. 
The so-coated film was dried in air at about 
25 degrees centigrade. The resulting film ex- 115 
hibited temperature response characteristics 
similar to those of the film in Examples I, 
and the colour producing temperature was ob- 
served to be about 25 degrcrs centigrade, with 
25 to 30 degrees centigrade as the tempera- 120 
ture range for complete spectral colour change. 

The dried film of this example can be 
stripped from its substrate and used in the 
same manner as the film in Example 1. 

Example III 125 
In this example, one pan, by weight, of 
the same liquid crystal mixture as was used 
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in Example II was emulsified in five parts, 
by wttabt, of a 22%, by weight, aqueous solu- 
tion of poly(acrykte) polymeric mueriaL Tb$ 
poly(acrylaie) material was ammonium poly* 

f (acrylate) and was charactcn/xd by having a 
pH of 8.5 to 9.5 in a 22%, by weight, aqueous 
solutku and by having a viscosity of 150 to 
250 centipoises in a 5%, by weight, aqueous 
solution. Emulsification was conducted in a 

10 jacketed Waring Bkndor cup equipped with 
a lesistancc-wirc heater, and the temperature 
of ti* emulsified liquid was maintained at 
50 degrees centigrade. Liquid crystal drop- 
lets in the emulsion were ten to twenty 

15 microns in diameter. 

The? emulsion, once prepared, was coated 
and dried as described in E x a m ple II, and 
behaviour of the dried film was noted to be 
essentially identical to that of Example II 

20 with respect to colour change according to 
change in temper anuc, since the liquid cry- 
stal mixture was the same in both example, 
the dried binder seemingly having little effect 
as to light-response. A coating was also pre- 

25 pared using glass as the substrate, and results 
were comparable to those described above. 

Example IV 
This example was provided to demonstrate 
an embodiment of the subject invention where- 

30 in the polymeric binder material, which serves 
to sector droplets of liquid crystal material 
in dispersion in the matrix, is coloured to 
reduce its transparency to incident light. The 
coloured matrix-like material erf this example, 

33 thereby, effectively contrasts with the iridesc- 
ence of entrapped liquid crystal droplets with- 
out reliance on opaque substrates or other 
applied contrasting material. 

Three parts, by weight, of a mixture of 

•40 85%, by weight, of cholesteryl nonanoatc and 
15%, by weight, oleyl cholesteryl carbonate 
were emulsified with five pans, by weight, 
of a coloured binder solution, described be- 
low, in a jacketed Waring Bkndor cup which 

45 was controlled to maintain the liquid tem- 
perature at about 50 degrees centigrade. To 
prepare the binder solution, 10 grams >f the 
polyvinyl alcohol) specified in Example I was 
dissolved in 90 millilitrcs of water, and to the 

50 solution was added 10 millilitres of fountain- 
pen black ink. 

The emulsion, having been prepared with 
droplets of liquid crystal material of about 
five to twenty-five microns in size, was coated 

55 to a wet-film thickness of ten mils onto a 
transparent, uncolourcd, sheet of polyethy- 
lene tcrcphthalatc, using a draw-down appli- 
cator as in Example I, and the coating was 
allowed to dry in air at about 25 degrees 

40 centigrade. The ."led emulsion film cmld be 
used cither as ;i thin self-supporting film strip- 
ped from its substrate or together with the 
substrate to provide durability. Change in 
temperature of the film in the presence of 



incident Ught resulted fa the characteristic 65 
colour change, which first became evident for 
this mixture of liquid crystal materials at the 
temperature rose to about 55 degrees centi- 
grade, iridescence being caused by a varia- 
tion in temperature over .he film area. 70 

Example V 
The materials used in this example were 
identical with those in Example IV. In this 
example, however, the emulsion was sprayed 
onto a substrate by means of a spray gun, 73 
and the resulting dried film demonstrated 
oolour-refleaing characteristics similar to tboae 
of Example IV. 

Example VI 

In this example, the polymeric binder 80 
material was zein, a prolamine film-former 
derived from the alcohol extraction of zea 
mays, a grain commonly called Indian corn. 
The solvent system utilized in this example 
was a aofertion of nine parts, by volume, of *5 
methanol and one part by volume of water. A 
solution of binder material was prepared by 
dissolving 80 grams of zein in 400 millilitres 
of the solvent system 

An emulsion was prepared in a jacketed 90 
Waring Blendor cup controlled to maintain 
a temperature of about 50 degree centigrade. 
The emulsion consisted of 50 millilitres ot the 
binder material solution and 10 millilitres of 
a ooe-to-ooe mixture of oleyl cholesteryl 95 
cabonate and cholesteryl nonanoete. 

The emulsion was coated as in Example II, 
and results were similar to those of Example 
II with regard to iridescent effect. 

Example VII 100 
This example demonstrates the use of an 
emulsion which has two different types of 
liquid crystal materials separately included 
therein. The emulsion-coating liquid system 
was prepared by stirring together two emul- 105 
siors which had different liquid crystal 
materials emulsified in separate solutions of 
the same kind of binder material. Trie two 
emulsions were prepared as follows: 

a) 25 millilitres of 10%, by weight, 110 
aqueous polyvinyl alcohol) solution (as 
used in Example I) was emulsified with 

15 grams of a mixture oi 65%, by 
weight, of oleyl cholesteryl carbonate 
and 35%. by weight, cholesteryl non- 113 
anoatc, and 

b) 25 millilitrcs of the 10%, by weight, 
aqueous polyvinyl alcohol) was emulsi- 
fied with 15 grams of a mixture of 85%, 

by weight, cholesteryl nonanoatc and 120 
15%, by weight oiclyl chlorcsteryl car- 
bonate. 

The two emulsions were tlien stored to- 
gether carefully and by hand, it being dis- 
covered that undue agitation in combining 125 
these particular emulsions causes mixing to- 
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mitcxUJ. 

The emulsion-coating system with two dif- 
ferent liquid crystal materials, wai coated onto 

5 a substrate and dried in the air at about 25 
degrees centigrade. 

The visual effect of a coated dried emul- 
sion of this example was much *hc same as 
that of the previous examples, except that 

10 colour change appeared in the coating in two 
sequence* beginning at two different tempera- 
tures. As a comparison to the visual effect des- 
cribed in Example I, for a coating having only 
one liquid crystal material, the following des- 

15 cribes a coating with two liquid crystal 
materials. In warming a test point on the 
film, a first sequence of concentric rings of 
colour appeared, circling the point of heat 
application. When the point on the film was 

20 further warmed above tiic first colour produc- 
ing temperature but below the colour produc- 
ing temperature of the second emulsified 
material, the test point again appeared un- 
coloured, with only a ring of colour rernain- 

25 ing, at that time, a fixed distance from the 
centre of the heat source, due to the static 
temperature gradient. Upon further warming 
of the test point on the film, a second set of 
colour rings began to appear and move out- 

30 wardly, but never reached the outwardly- 
moving first rings, giving rise to a visual indi- 
cation of two temperature ranges at different 
locations on the coated substrate. So much 
for point application of heat. When the coated 

35 substrate, as a whole, was heated, the film re- 
flected changing colour not in rings, but all 
over, colours first appearing due to one liquid 
crystal material and then, on further heating, 
the film appearing unco loured, due to the 

40 second liquid crystal material, for a time at 
temperatures intermediate to the different 
colour producing temperatures. The colour 
changes appeared in reverse order on ccoling 
of the film. 

45 Where, in a given small area, there arc 
present two kinds of the liquid drops which 
exhibit different colour reflectance at a given 
temperature, the effect on the eye is additive, 
as would be expected. 



1. A visual display dcyicc cornprisi&g * 
continuous film of polymeric material having 
dispersed therein minute droplets of a liquid 
material capable of assuming a cholesteric 
mcsophase in a predetermined temperature 55 
range, said polymeric material transmitting 
light incident thereon and reflected from the 
droplets of said liquid material. 

2. A display device according to Claim 1, 
wherein the said liquid material consists of a 60 
mixture of cholesterol derivatives, olclyl 
cholcsteryl carbonate being one cholesterol 
derivative in the mixture. 

3. A display device according to Claim 1, 
wherein the said liquid material consists of a 65 
mixture of cholesterol derivatives, cholcsteryl 
nonanoate being one cholesterol derivative of 

the mixture. 

4. A display device according to Claim 1, 
wherein the said film of polymeric material 70 
contains more than one kind of liquid material 
droplets differing from one another by their 
different temperature response. 

5. A display device according to any one 

of the preceding claims, wherein said ccn- 75 
tinuous film of polymeric material is coated 
onto a substrate. 

6. A display device according to Qaim 5, 
wherein the substrate is substantially ncn- 
light-reflecting. 80 

7. A display device according to Qaim 6, 
wherein the substantially non-hght-reflecting 
substrate is black. 

8. A display device according to any one 

of the preceding claims, wherein the droplets 85 
of said liquid material range in size from 
five microns to twenty five microns. 

9. A visual display device substantially as 
hereinbefore described with reference to the 
accompanying drawings. 90 

10. A method of making a visual display 
device substantially as hereinbefore described 
in Examples I to VII. 



R. G. ROBINSON, 
Chartered Patent Agent, 
Agent for the Applicants. 
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